Previous studies have demonstrated that aging promotes myocardial apoptosis after ischemia/reperfusion, via unknown specific mechanisms. The present study investigates the potential relationship between lncRNAs and aging-related apoptosis by lncRNA/mRNA microarray technology. The results indicate aging increased myocardial lncRNA ENSMUST00000134285 and mMAPK11, confirmed by both bioinformatics analysis and polymerase chain reaction (PCR). Mouse cardiomyocytes were subjected to gene manipulation (ENSMUST00000134285 knockdown and overexpression). Knockdown of ENSMUST00000134285 inhibited MAPK11 activity and increased the myocardial apoptotic ratio (determined by TUNEL staining and caspase activity assays) after hypoxia/reoxygenation. Conversely, overexpression of ENSMUST00000134285 increased MAPK11 activity and decreased the myocardial apoptotic ratio. Furthermore, luciferase reporter assay revealed that miR760 may be a mediator between ENSMUST00000134285 and mMAPK11. We have provided evidence that lncRNAs are the important regulatory molecules in aging-mediated effects upon apoptosis. The apoptosis regulatory effects of aging are complex. Except apoptosis-promoting effects, aging could also inhibit myocardial apoptosis after hypoxia or ischemia. Further studies investigating the mechanisms that aging inhibit myocardial apoptosis after hypoxia/ischemia.
Aging is a global problem with societal burdens upon the health care system (1) . As the world's most populous country, China faces significant challenges from its aging population. In the past 30 years, the spectrum of diseases in China's population has dramatically altered due to lifestyle and environmental changes (2) (3) (4) . The 2015 Chinese Cardiovascular Report indicated the prevalence of 290 million cardiovascular patients in the country. Fifty percent of adults between the ages of 35 and 84 will have cardiovascular disease in the next two decades, increasing the number of cardiovascular disease patients by 21.3 million in this time period (3, 4) .
Studies from our laboratory and others indicate that aging plays a vital role in postischemic cardiac failure due to the effects of aging upon myocardial apoptosis (5, 6) . Previously, we demonstrated that aging significantly decreased postischemic cardiac function and augmented reperfusion-induced myocardial apoptosis (7) (8) (9) . Heretofore, however, the underlying mechanisms of these aging effects remain unknown.
Long non-protein-coding RNAs (lncRNAs) range from 200 bp to several kilobases in length. lncRNAs regulate transcriptional and posttranscriptional RNA processing, translation, DNA methylation, and chromatin architecture via local (cis) and distal (trans) mechanisms. lncRNAs can produce a complex regulatory network through interactions with transcription factors, coactivators, and/or repressors to influence different aspects of gene transcription. Increasing evidence indicates that lncRNAs may have regulatory impact upon senescence pathways (10) (11) (12) . However, the precise roles played by lncRNAs in aging-related myocardial apoptosis remain incompletely understood.
In the current study, we first determined the different lncRNAs present in the heart tissue of young and aged mice. Next, we attempted to discern the underlying relationship between lncRNAs and the mRNA of known myocardial apoptosis-regulating genes of interest.
Methods

Mouse Heart Harvest
Approved by the institutional ethics committee, this study was in compliance with the United States National Institutes of Health guidelines. Male C57 mice (aged 8 weeks and 18 months) were anesthetized with sodium pentobarbital. Mouse hearts were harvested by exteriorizing the heart via left thoracic incision.
lncRNA/mRNA Microarray
For Affymetrix microarray profiling, the total RNA was isolated from 30 embryos per treatment group by TRIzol reagent (Invitrogen, Carlsbad, Canada), digested by DNase treatment, and purified with an RNeasy Mini Kit (Qiagen, Hilden, Germany), per manufacturer's protocol. The amount and quality of RNA were determined by a UV-Vis Spectrophotometer (Thermo, NanoDrop 2000, USA) at 260 nm absorbance. The mRNA expression profiling was measured by GeneChip Mouse Transcriptome Array 1.0 (Affymetrix GeneChip, Santa Clara, CA), containing 59,302 gene-level probe sets. The microarray analysis was performed by Affymetrix Expression Console Software (version 1.2.1). Raw data (CEL files) were normalized at the transcript level using robust multi-array average method (RMA workflow). Median summarization of transcript expressions was calculated. Gene-level data were then filtered to include only those probe sets present in the "core" metaprobe list representing RefSeq genes.
Bioinformatics Analysis
Significant Differential Gene Analysis
The random variance model (RVM) t test was used to identify differentially-expressed genes for the young and old group. This model has more power than standard tests to detect large changes in expression, without increasing the rate of false positives. After significant and false discovery rate (FDR) analyses, we selected the differentially-expressed genes according to predefined p-value thresholds (.05). The results of differentially-expressed genes were subjected to unsupervised hierarchical clustering (Cluster 3.0) and TreeView analysis (Stanford University, Stanford, CA).
Pathway Analysis
Pathway analysis identified significant pathways for differential genes identified per the Kyoto Encyclopedia of Genes and Genomes, Biocarta, and Reatome databases. Fisher's exact and chi-square tests were employed to select significant pathways. The threshold of significance was defined by p value and FDR.
GeneRelNet (Coexpression Network)
Gene coexpression networks identified gene interactions. Gene coexpression networks were built per normalized signal intensity of specific gene expression. For each pair of genes, we calculated the Pearson correlation coefficient and selected significant correlation pairs to construct the network. Within the network analysis, the degree of gene centrality (defined as the number of links from one node to another) defined its relative importance. k-cores were employed for graph topology analysis. The k-core of a network is a subnetwork, in which all nodes are connected to at least "k" other genes in the subnetwork. Within any given protein-protein interaction, k-core networks usually contain cohesive groups of proteins.
Real-time RT-PCR
Real-time RT-PCR verified the differential expression of 16 genes detected by the lncRNA/mRNA Expression Microarray. The cDNA was synthesized using reverse transcriptase (TaKaRa) and oligo (dT) primers with 1 mg RNA from the same samples analyzed by microarray. Each real-time RT-PCR reaction (in 20 μL) contained 2.56SYBR Green Realtime PCR Master Mix (TIAN-GEN), 0.5 μL primers, and 0.5 μL of template cDNA. Cycling conditions were comprised of an initial, single cycle of 2 minutes at 94°C, followed by 40 cycles of 15 seconds at 94°C, 20 seconds at 63°C, and 30 seconds at 68°C. PCR amplifications were performed in three duplicates for each sample. Gene expression levels were quantified relative to the expression of 18S, via an optimized comparative Ct (DDCt) value method. In addition, to minimize the effects of non-myocytes, we isolated cardiomyocytes from heart tissue (8 weeks old and 18 months old) with a combined Langendorff-free isolation method (Circ Res. 2016;119:909-920), and real-time RT-PCR was used to assess the ENSMUST00000134285 and MAPK11 level in cardiomyocytes of different ages.
Cardiomyocyte Isolation and Gene Manipulation (Downregulation/Overexpression of lncRNA Expression)
With microarray, a total of 1957 lncRNAs and 984 mRNAs were found to be uniquely different between young and aged heart tissue. We use bioinformatics analysis to narrow our research scope. Thirty mRNAs were found as "core" mediators of myocardial apoptosis. Furthermore, we search the relationship between the above mRNAs and apoptosis with PUBMED. Using real-time RT-PCR, 8 mRNAs and 8 lncRNAs were confirmed (as shown in Figure 2E ). Finally, four lncRNAs (ENSMUST00000134285, NONMMUT022075, NONMMUT037938, and NONMMUT066845) were subjected to gene manipulation (knockdown or overexpression). However, regretfully, gene manipulation of NONMMUT022075, NONMMUT037938, and NONMMUT066845 failed to exert any significant effects on post-H/R apoptosis. Only gene manipulation of ENSMUST00000134285 exerted the significant effects on myocardial apoptosis. Therefore, in the current study, we choose ENSMUST00000134285 and MAPK11 (potential target of ENSMUST00000134285) as the research objects.
Neonatal mice ventricular cardiomyocyte cultures were prepared from neonatal 1-day old C57 mouse. The ventricles were finely minced and dissociated with 0.075% collagenase I (Ameresco) and 0.8% Trypsin (Thermo Fisher Scientific) four times (10 minutes each). The resulting cell suspensions were filtered through a cell strainer (100-μm mesh pore size; BD Biosciences) to obtain a single cell suspension and were seeded in 12-well cell culture plates (Corning Life Sciences). Following 20-21 days postdifferentiation, dissociated hPSC-derived cardiomyocytes were plated onto Matrigelcoated six-well plates in mature medium, consisting of RPMI 1640 sans glucose (Gibco), 500 μg/mL bovine serum albumin (Yeasen), 213 μg/mL l-ascorbic acid 2-phosphate (Sigma-Aldrich) supplemented with 10 mM d-galactose (Sigma-Aldrich), 4 mM l-lactic acid (Sigma-Aldrich), 1 mM sodium pyruvate (Sigma-Aldrich), 20 μg/ mL insulin (Sigma-Aldrich), 1× chemically defined lipid concentrate (Sigma-Aldrich), and 200 ng/mL triiodo-l-thyronine (SigmaAldrich). At day 2, the medium was supplemented with 100 ng/mL G418 for another 7 days. After day 9, cells were cultured in mature medium, with medium change every other day.
Lentivirus Vector Construction
The lentiviral vectors for lentivirus-mediated upregulation and downregulation of lncRNA ENSMUST00000134285 expression were purchased from Oligobiobio Co., Ltd (Beijing, China). To construct lentivirus-mediated overexpression of lncRNA ENSMUST00000134285, the full-length coding sequences of human lncRNA ENSMUST00000134285 C-terminally tagged with GFP or GFP alone (control) were cloned into the lentivirus vector. Empty vector lentivirus served as negative control (NC) (termed Overexpression/Knockdown Control in this study). To generate lentivirus-mediated overexpression vector, the expression sequence (5′-tgctgtggctgactgaggaaggggccgctggatcatctgaatgcagagactctgctgagagaaggcgagcaaagaggaggccccggcagcgagagagagactctgccgctctgggagatggatgtcatgtaaccagcaccttgcgttggaggtcaagagatatgcctgccaacctctgcccttcatcaaccagctgcagtgccttaggaacatcatgggagccccgagtcttatctttgtgtccacaacactacaggtcagactgaatcctccatatgcctggcaccagactaggactgctgggacatccagccccagtgaactgaacaaacaactgctggattcctgggtatcagctactgtacacagaagagacacattagtcctgtacctcacaagacacggtcacagtccaacactgagggaagacagggcagggacccaaaggaagaaaccatggaagatgctgctgggtggcttgctctctggattctcagctg-3′) targeting human lncRNA ENSMUST00000134285 was cloned into the lentivirus overexpression vector (termed Overexpression in this study). Similarly, to produce lentivirus-mediated silencing system targeting human lncRNA ENSMUST00000134285, a small interfering (5′-gtcacagtccaacactgaggg-3′) sequence was cloned into the lentivirus knockdown vector.
Cell Culture and Transfection
After trypsin digestion of mouse hearts, primary cardiomyocytes were cultured in DMEM medium (Life Technologies, Carlsbad, CA) supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Life Technologies) with 1% Pen/Strep (Life Technologies) antibiotic, and grown at 37°C in a 5% CO 2 incubator. In this study, lncRNA ENSMUST00000134285-overexpression, lncRNA ENSMUST00000134285 gene knockdown lentiviruses, and their control lentiviruses were used to infect cardiomyocyte cells. Fluorescence microscopy monitored infection efficiency after 48 hours post-lentivirus infection.
Western Blot
Cardiomyocytes were homogenized in ice-cold lysis buffer. After homogenization, the lysates were centrifuged. The supernatant was saved and separated by electrophoresis on SDS-PAGE and transferred onto polyvinylidene difluoride-plus membranes. After blocking buffer, the immunoblots were probed with anti-p-MAPK11, anti-total-MAPK11 (cell signaling), and anti-GAPDH antibodies overnight at 4°C, followed by incubation with fluorescent-conjugated secondary antibodies at room temperature for 1 hour (13).
H/R Model-Induced Cardiomyocyte Apoptotic Ratio
Establishing In Vitro Cardiomyocyte H/R Model Seventy-two hours after cardiomyocyte transfection, all groups were treated with hypoxia (95% N 2 and 5% CO 2 ) for 6 hours (via Anaerobic Bag, Becton Dickinsonand Inc., USA), and then normoxia (74% N 2 , 21% O 2 , and 5% CO 2 ) for 2 hours to simulate H/R.
TUNEL Staining
Cardiomyocytes were cultured directly upon cover slips. TUNEL staining was performed per manufacturer's instructions (In Situ Cell Death Protection Kit, Fluorescein, Roche, Indianapolis, IN). Total nuclei were stained by DAPI (Vector Laboratories Inc., Burlingame, CA). Apoptotic index (ie, the number of positively stained nuclei/total number of nuclei counted × 100%) was determined via blinded manner.
Caspase Activity
After 2 hours reoxygenation, cardiomyocytes were homogenized in ice-cold lysis buffer for 30 seconds (PRO 200 homogenizer). Homogenates were centrifuged for 5 minutes at 10,000g at 4°C. Supernatants were collected and protein concentrations were measured by BCA method (Pierce Chemical, Rockford, IL). To each well of a 96-well plate, supernatant containing 200 mg of protein was loaded and incubated with 25 mg Ac-DEVD-pNA, Ac-IETC-pNA, or Ac-LEHD-pNA at 37°C for 1.5 hours. pNA was cleaved from DEVD (by caspase-3, BIOMOL), IETD (by caspase-8, BIOMOL), or LEHD (by caspase-9, BIOMOL). Free pNA was quantified via SpectraMax-Plus microplate spectrophotometer (Molecular Devices, Sunnyvale, CA) at 405 nm. Changes in caspase activity in I/R tissue samples were calculated, and expressed as nmole pNA/mg/h (13, 14) .
Luciferase Reporter Assay
The amplified human 3′-untranslated repeat segments of the MAPK11 gene and lncRNA ENSMUST00000134285 (containing the predicted miR-760 binding site) were inserted into psiCHECK-2 vectors containing Renilla luciferase (Promega) to generate the wild plasmid (MAPK11 wt and lncRNA ENSMUST00000134285 wt) or mutant plasmid (MAPK11 mut and lncRNA ENSMUST00000134285 mut) construct. For luciferase assays, 239T cells were seeded in 96-well plates and transfected with pLuc-3′-untranslated repeat, 10 ng Renilla, and the mimic/NC miRNA using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA). Cells were collected and analyzed by Dual-Luciferase Reporter Assay System (Promega) after 48 hours. The luciferase activity values were normalized relative to the Renilla luciferase internal control. Single transfection or cotransfection of the reporter genes was completed in the following combinations: NC + MAPK11-wt, miR-760 mimic + MAPK11-wt, NC + MAPK11-mut, miR760mimic + MAPK11-mut, lncRNA ENSMUST00000134285-wt + NC, lncRNA ENSMUST00000134285-wt + miR-760 mimic, lncRNA ENSMUST00000134285-mut + NC, and lncRNA ENSMUST00000134285-mut + miR-760 mimic. Successful transfection of all cell treatment groups was confirmed prior to biological testing. Each experiment was repeated three times in duplicate.
Statistical Analysis
All values in the text and figures are presented as mean ± SEM. Statistical significance was determined by one-or two-way ANOVA followed by the Bonferroni post-hoc t-test when appropriate. Probabilities of .05 or less were considered to be statistically significant.
Results
Aging Increases Cardiac lncRNA (ENSMUST00000134285) and mMAPK11
Despite their involvement in many biological functions, few lncRNAs have been functionally characterized to detail. A lncRNAs/mRNA microarray was utilized in the present study. A total of 1957 lncRNAs and 984 mRNAs were found to be uniquely different between young and aged heart tissue. lncRNA (ENSMUST00000134285) and mMAPK11 increase significantly with age ( Figure 1A-C) . To further investigate the effects of aging on the apoptotic pathway, genes differentially expressed with age were reviewed against the KEGG database to further identify target mRNAs of interest. Relevant signaling pathways involving such age-differentially expressed genes are shown in Figure 1D , notably including both p38 MAPK and MAPK pathways. Additionally, the oxidative stress response involves genes significantly altered by age, in consistent fashion with previous studies. Aging increases the mRNA of MAPK11 (p38β), the isoform of p38 MAPK, which crucially regulates oxidative stressinduced myocardial apoptosis.
Bioinformatics Analysis Suggest Relationship Between ENSMUST00000134285 and mMAPK11
To further confirm the relationship between lncRNAs and the MAPK apoptosis-regulatory pathway, we employed bioinformatics analysis. Using network analysis, we investigated the relationship between aging-related mRNA and aging-related lncRNA (Figure 2 ). Gene networks were constructed from functional gene associations. In the network diagrams, cycle nodes represent mRNAs while box nodes represent lncRNAs. Edges between two nodes represent interactions between genes. Figure 2B and D are locally magnified images of Figure 2A and C, respectively. mRNA-mRNA relationships were determined from KEGG data concerning mRNA relationships (Figure 2A and B) . lncRNA-mRNA relationships were predicted by correlation analysis (Figure 2C and D) . Clustering coefficients estimated the complexity of interactions among genes neighboring the core gene (except core gene participation), a value indicating the independence of core genes in terms of interactions among genes in neighboring cores.
Network analysis results suggested that mRNAs may be coregulated by different lncRNAs and first demonstrated a significant relationship may exist between ENSMUST00000134285 and mMAPK11 ( Figure 2D , red circle). Bioinformatics analysis re-affirmed the potential relationship between ENSMUST00000134285 and mMAPK11. Real-time PCR confirmed this relationship, demonstrating that, in aged mouse cardiac tissue, both ENSMUST00000134285 and mMAPK11 increased significantly ( Figure 2E, red box) .
Furthermore, adult mouse cardiomyocytes were isolated. ENSMUST00000134285 and mMAPK11 level were measured with PCR. Similarly, with results from heart tissue, ENSMUST00000134285 and mMAPK11 levels in aged mouse cardiomyocytes are significantly higher than in young mouse cardiomyocytes ( Figure 2F ).
Gene Manipulation Significantly Altered ENSMUST00000134285 Expression in Cardiomyocytes, Modifying MAPK11 (p38β) Activity
Cultured cardiomyocytes were divided into five groups: wild type (WT) control, Overexpression (ENSMUST00000134285-overexpression lentivirus), Overexpression Control (ENSMUST00000134285-overexpression control lentivirus), Knockdown (lncRNA ENSMUST00000134285 knockdown lentivirus), and Knockdown Control (lncRNA ENSMUST00000134285 knockdown control lentivirus). Transfection efficacy is reported in Figure 3A . No significant efficacy differences existed amongst the lentivirus-treated four groups, but RT-PCR results indicated that ENSMUST00000134285 levels increased significantly in cardiomyocytes subjected to ENSMUST00000134285-overexpression encoding lentiviruses treatment ( Figure 3B ). Conversely, ENSMUST00000134285 levels decreased significantly in cardiomyocytes subjected to ENSMUST00000134285-knockdown encoding lentiviruses ( Figure 3C ).
Of interest, western blot demonstrated that increased cardiomyocyte ENSMUST00000134285 levels resulted in significantly increased MAPK11 activity. Decreased cardiomyocytes ENSMUST00000134285 levels resulted in significantly decreased MAPK11 activity ( Figure 3D ). Taken together, these results are consistent with and support both lncRNA/mRNA microarray and bioinformatics analysis findings.
Gene Manipulation Altered ENSMUST00000134285 Expression in Cardiomyocytes, Modifying H/R-Induced Cardiomyocyte Apoptosis ENSMUST00000134285 expression were upregulated or downregulated by lentiviral vectors. The effects of gene manipulation upon cardiomyocytes were assessed by TUNEL staining and various caspase activity measurement.
Compared with control, a significant reduction of total TUNELpositive nuclei was observed in the ENSMUST00000134285 overexpression group (6.88 ± 1.25 vs 13.38 ± 1.77, p < .01, Figure 4A and B). In contrast, ENSMUST00000134285 downregulation increased the H/R-induced cardiomyocyte apoptotic ratio (28.38 ± 2.67 vs 15.63 ± 0.92, p < .01, Figure 4A and B) .
The activities of caspase-3, -8, and -9 were determined as well. The activities of all caspases were significantly decreased in the ENSMUST00000134285 overexpression group compared with control after H/R injury ( Figure 4C-E) . The activities of all caspase were significantly increased in the ENSMUST00000134285 knockdown group compared with control after H/R injury ( Figure 4C-E) . Taken together, these results suggest that aging may regulate post-H/R apoptosis via ENSMUST00000134285-MAPK11 pathway signaling.
miR760 May Mediate the Interaction Between ENSMUST00000134285 and MAPK11
miR-760 transfection significantly inhibited MAPK11 and ENSMUST00000134285 luciferase activity in 293T cells ( Figure 5A and B). However, after mutation of target site, such inhibition was lost, suggesting that miR-760 may regulate the interaction between MAPK11 and ENSMUST00000134285.
Discussion
The major aim of the current study is to determine the different lncRNAs present in heart tissue between young and aged mice, and to attempt to discern the underlying relationship between lncRNAs and the mRNA of known apoptosis-regulating genes of interest. Myocardial apoptosis is a well-established cell death mechanism after I/R injury. Previously, we have demonstrated the significant contribution of apoptosis towards aging-related decreased cardiac function. The current study represents the first attempt to delineate the role of lncRNAs in H/R-induced cardiomyocyte apoptosis. Data were analyzed using one-or two-way ANOVA followed by the Bonferroni post-hoc t test and presented as means ± SEM (n = 6). **p <.01 versus overexpression control, ## p <.01 versus knockdown control.
Cardiovascular diseases are the leading causes of death in the elderly adults. Greater than 80% of the ischemic heart disease population are aged 65 years or older (15) . The exponentially increased mortality rate in the geriatric population related to cardiovascular disease suggests that cardiac aging itself may be a major risk factor for cardiovascular pathologies such as ischemic heart disease. Our work and others have demonstrated that aging exacerbates myocardial apoptosis (8, 9) . However, heretofore, the underlying mechanisms responsible for aging-mediated augmentation of apoptotic pathways remain incompletely understood.
Several novel observations have been made in the present study. First (and most interestingly), our study demonstrates that aging is associated with myocardial apoptosis-inhibited effects, which is different from a majority of aging-related study. Almost all aging-related apoptosis studies, including our previous study, demonstrated aging augmented postischemia apoptosis (16) (17) (18) (19) . However, the present study indicated that aging might also inhibited myocardial apoptosis after reperfusion. Second, we have identified ENSMUST00000134285 as an lncRNA regulating apoptosis. Knockdown of ENSMUST00000134285 augmented the myocardial apoptotic ratio after H/R, whereas overexpression of ENSMUST00000134285 decreased the apoptotic ratio of cardiomyocytes. We have provided evidence supporting the role of MAPK11 as a mediator between ENSMUST00000134285 and aging-regulated apoptosis. The overexpression of ENSMUST00000134285 resulted in the increasing in MAPK11 activity, and conversely, the knockdown of ENSMUST00000134285 resulted in the depression in MAPK11 activity.
lncRNAs are increasingly recognized as novel regulators in multiple cellular processes, including development, differentiation, chromosome remodeling, imprinting, and cell cycle control. lncRNAs are tightly regulated and highly tissue specific. Moreover, dysregulation of lncRNAs has been associated with human diseases, such as cancer or neurodegenerative disorders. The functions of most lncRNAs remain uncharacterized. To our knowledge, this is first time the lncRNA ENSMUST00000134285 has been implicated between aging and myocardial apoptosis. We demonstrated that augmentation of ENSMUST00000134285 increased downstream MPAK11 activity, ultimately decreasing cardiomyocytes apoptosis.
p38 MAPK exerts complex regulatory effects in ischemiainduced apoptosis (20, 21) . Of the four known isoforms of p38 MAPKs, p38α (MAPK14) and p38β (MAPK11) are abundantly expressed in cardiomyocytes, whereas p38γ and p38δ are not. p38α MAPK exerts a proapoptotic role via p53 activation, while p38β MAPK exerts a prosurvival role via ROS formation inhibition (22) . Most interestingly, p38α MAPK and p38β MAPK appear to exert opposite roles in apoptosis. A recent report suggests that the protective effect of estrogen against oxidative stress via manganese superoxide dismutase induction is mediated by active p38β MAPK in the mitochondria of cardiomyocytes (23) . In the current study, aging increased p38β MAPK activity, which is cardioprotective after H/R. The cardioprotective effects of p38β MAPK stem from its inhibition of ROS, an important apoptotic agent in aging. Therefore, p38β MAPK may play a "protector" role, counteracting pro-apoptotic signaling induced by aging. Moreover, the present study suggests an important relationship exists between ENSMUST00000134285 and p38β MAPK. Gene manipulation of ENSMUST00000134285 altered p38β MAPK activity. miRNA760 might be the mediator between these molecules. To our best knowledge, no similar research has demonstrated such connections concretely.
Growing evidence demonstrates that cardiomyocyte apoptosis is contributive to congestive heart failure, the terminal state of many myocardial diseases. Considerable research demonstrates that aging increases cardiac susceptibility to apoptosis. Our current available data suggesting that aging may decrease myocardial apoptosis via an unknown pathway is the first report to our knowledge of an agingmediated antiapoptotic cardiac effect. The effects upon apoptosis by aging are multifactorial and involve complex signaling pathways. There is likely no simple pathway concerning aging effects upon apoptosis. More likely is the presence of a homeostatic balance between proapoptotic and antiapoptotic factors/signaling molecules influenced by aging, maintaining the survival and health of aging cardiomyocytes.
Conclusion
In summary, the apoptosis regulatory effects of aging are complex. We have provided evidence that aging may inhibit myocardial apoptosis after hypoxia or ischemia. lncRNA ENSMUST00000134285 are an important regulatory molecule in aging-mediated effects upon apoptosis.
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